Under natural conditions fish can be expected to avoid excessive exposure to potentially damaging radiations from the solar spectrum by moving to deeper water or seeking shade. However in the constricting conditions of aquaculture facilities, fish held at high densities in relatively shallow and often unshaded holding facilities have little option but to suffer exposure to levels of solar radiation considerably greater than those found in nature. Ulraviolet light (UV) occupies a relatively narrow bandwidth from 100 nanometers to 400 nanometers (PARRISH et al., 1978) . However, neither vacuum UV nor UV-C reach the earth's surface as they are absorbed by the ozone layer so, for practical purposes, both can be ignored. The proportion of solar UV reaching the earth's surface is very small-only some 3 % of the total solar radiation. For convenience photobiologists divide the UV spectrum into UV-A, the component which sti mulates the pigment containing cells, UV-B which precipitates the sunburn response (as well as stimu lating pigment containing cells to produce a tan ning response like UV-A) and UV-C the antimi crobial component of the UV spectrum.
Penetration of UV Radiation through Water
It is generally considered that UV does not epentrate more thana few centimeters through water. Whilst this may be true for water of high particulate or humic content it can be seen from the results of JERLOV (1968) and CALKINS (1975) this is not so generally, and in favourable circumstances UV-B can penetrate water far in excess of depths normally encountered in aquaculture. Experimen tal studies in the author's laboratory have shown that banks of fluorescent tubes suspended above tanks of filtered seawater, give readily reproducible results with a water depth of 40 centimeters, es pecially when working with flat fish such as plaice (Pleuronectes platessa) or turbot (Scophthalmus maximus). Such species remain on the bottom and provide a relatively flat and static skin surface for irradiation. Dose rates can then be measured with some confidence.
Effect of UV Radiation upon the Integument
When human skin is exposed to an excess of UV-B radiation a proportion of the epidermal cells develop round, densely staining, and very pyknotic nuclei with an associated darkening of the cyto plasm. It is the dividing cells which are particul arly vulnerable to UV radiation and in mammals these are situated in the lower layers of the skin. Under normal conditions such cells would pass upwards through various stages of maturation to become keratinocytes and eventually slough. In fish, however, the epidermis generally has no pro tective keratinized layer, and dividing cells are found at all levels in the epidermis (BULLOCK, MARKS & ROBERTS, 1978) . Fish skin is therefore more vulnerable to damage for three separate reasons : it lacks an inert outer layer, mitotic divi sion takes place at all levels, and, additionally, it normally does not contain within its epidermis a protective pigment, since, in general, all pigment is sub-epidermal.
In normal plaice skin (Fig. 1 ) the mucous cells are clear structures, normally found in the upper layer of cells, and both they and the adjacent Mal pighian cells have nuclei that are relatively pale staining. In the skin of plaice and certain other species there is also a granule containing cell in the lower layers of the epidermis, known as the acido philic granule cell (AGC). Its function is not known.
When plaice is exposed to a cumulative dose of 63 mJ cm-2 of UV-B, which is roughly the equiva lent of the amount of UV required to stimulate reddening of human skin in the latitude of Northe rn Japan, there is a progressive degenerative change in skin cells from 0.5 hr to 72 hr postirradiation although often the fish may succumb from the damage by 48 hr. The initial response is a swelling of the AGCs which move higher up in the epidermis (Fig. 2) . This is followed by their rupture and a progressive irregularity of the epidermal surface.
By 24 hr there is a significant necrosis of Malpighian cells with some showing the characteristic "sunburn cell" configuration and by 32 hr the upper epidermis has sloughed to be followed shortly afterwards by the lower layer , leaving only the basement membrane intact (Fig. 3) . Extrapolation of these findings to the farm fish situation indicates that given clear water conditions and maximum sunlight levels , the implications for the skin of farmed fish are profound . This is in fact the case. In circumstances where light and water conditions allow, salmonids especially, frequently show clinical evidence of sunburn (BULLOCK & ROBERTS, 1981) . The lesions are on the most vulnerable sites, the pectoral, dorsal and upper tail fins (Fig. 4) (RUSKER, 1957) but it is only recently that investigators (BULLOCK & ROBERTS, 1979) have shown its aetiology to be of a photosensitization nature. However, in that study, it was also found that the early UV-induced lesion in the epidermis is a very unusual, pemphi goid bulla. This lesion has only been described once before, in the disease of salmonid fish known as ulcerative dermal necrosis (UDN).
The aetio logy of UDN has never been satisfactorily defined. The possibility that it might have a photosensitiza tion causation needs further study, but there is a wide range of possible photosensitizers, such as the ubiquitous porphyrins, in the marine animals which may be a part of the wild salmon's diet.
